Objective: To study the effect of consumption of dark green leafy vegetables (DGLV) and sweet pumpkin on serum b-carotene and retinol concentrations in children treated for Ascaris lumbricoides. Design: Experimental study with a randomised design. Subjects: A total of 110 primary school children aged 8 ± 12 y in northwestern Bangladesh. Interventions: All children were de-wormed and 2 weeks later randomly assigned to one of three groups to receive for 6 days per week, for 6 weeks, one complete meal containing either: (1) 4.4 mg beta-carotene from DGLV (n 37, after 18 dropouts); (2) 1.5 mg beta-carotene from sweet pumpkin (n 36, 18 dropouts); or (3) vegetables containing virtually no beta-carotene (control) (n 37, 18 dropouts). Results: Signi®cant increases (P`0.001) in mean serum b-carotene concentrations were seen in all three study groups, with a statistically higher increase (mmolal) in the DGLV group (0.44; 95% con®dence interval (CI) 0.32, 0.55) compared to the control group (0.20; 95% CI 0.14, 0.26; P 0.002). The increase in serum retinol (mmolal) was statistically signi®cant (P 0.04) only in the DGLV group (mean 0.066; 95% CI 0.002, 0.13), but this increase was not different from the increase in the control group. Conclusion: In children successfully treated for Ascaris lumbricoides, a substantial increase in serum b-carotene was seen after feeding with a moderately high cumulative dose of DGLV for 6 weeks.
Introduction
Vitamin A de®ciency (VAD) is one of the most commona preventable nutritional de®ciencies; approximately 250 million children under 5 y of age are at risk (WHOaUNICEF, 1995) . Correcting even mild to moderate VAD at community level is thought to lead to a 23% reduction in young child mortality (Beaton et al, 1993) . Recent research suggests that improving vitamin A status in pregnant women may reduce maternal mortality (West et al, 1999) .
Increasing the consumption of carotenoid-rich plant foods has generally been accepted as the most sustainable approach toward improving vitamin A status in low-income groups. The Plan of Action of the International Conference of Nutrition (ICN) states that, in low-income countries, priority should be given to dietary-based strategies (FAOa WHO, 1993) . However, recent well-controlled supplementation trials have questioned the ef®cacy of carotenoid-rich foods, especially dark green leafy vegetables (DGLVs) in improving vitamin A status (Bulux et al, 1994; de Pee et al, 1995b de Pee et al, , 1998 . This has raised questions about bioavailability (that is, absorption and bioconversion) of provitamin A carotenoids in humans and their contribution to vitamin A status. Among several possible explanations for the poor response DGLVs have had on serum retinol concentrations, one of the most likely is a high baseline status among the subjects (de Pee et al, 1995a) . However, in one of the studies with poor DGLV response (de Pee et al, 1998) , the mean baseline retinol concentration was`0.70 mmolal, de®ning it as a group with a severe VAD problem (WHOaUNICEF, 1995) . Another cause for poor response could be intestinal parasites, in particular Ascaris lumbricoides (Curtale et al, 1994; Jalal et al, 1998) . It has been postulated that`a high parasite load may make the freeing of b-carotene more dif®cult from a complex matrix (vegetables) ' (de Pee et al, 1995a) .
We investigated the impact on serum retinol and serum b-carotene of providing supplemental sources of carotene to a group of school children after medically treating them for Ascaris lumbricoides. We hypothesized that in children free of Ascaris lumbricoides, a moderately large cumulative dose of b-carotene through DGLV or sweet pumpkin would improve both serum retinol and b-carotene concentration in a moderately vitamin A-de®cient group of children.
Subjects and methods

Subjects
The study was carried out in the northern districts of Panchargar and Thakurgaon, Bangladesh. Both districts were identi®ed as severely affected by VAD in a previous national vitamin A survey (Cohen et al, 1985) and a smaller study con®rmed that night blindness still was a public health problem (Mitra and Associates, 1995) . The study was conducted from March to June, 1998, among primary school children from grades 3 ± 5 at two rural schools. Our collaborating partner, the Worldview International Foundation, had conducted extensive vitamin A interventions in schools in this part of the country. Both schools chosen for the study were governmental, within an hour's drive from the ®eld laboratory in Thakurgaon town, and had not received any speci®c nutrition intervention within the past 3 y. The purpose of the study was explained to the administrators at each school. Since the majority of the parents were illiterate, they were informed verbally before their consent was obtained; only those children for whom verbal parental consent had been obtained were included in the study. The study was approved by the Bangladesh Medical Research Council and the Ethics Committee, Faculty of Medicine, Uppsala University.
The sample size chosen was adequate to detect a difference in mean serum retinol concentration of 0.15 mmolal between the DGLV and control group. With a statistical power of 80%, a signi®cance level of 0.05 and a standard deviation (s.d.) of 0.25 mmolal (Ahmed et al, 1996) , 46 children per group were required. Given the risk of high drop-out rates, an additional 8 ± 9 children (20%) per group were recruited, yielding a sample size of 54 ± 55 per group. De Pee et al, (1998) earlier had used an identical approach but assumed a s.d. of 0.15 mmolal, thus requiring only 16 children per group.
The sampling concept involved choosing children with helminth infection to maximize the likelihood that they were vitamin A-de®cient. Thus, before starting the study, stool samples were taken from all the eligible students of the two schools. Of 302 children screened, 47% (n 143) were found to be positive for intestinal helminths, either for Ascaris lumbricoides alone (32%), hookworm alone (5%), or both (10%). These 143 were included in the supplementation trial, plus 21 children with unhygienic toilets (kacha) at home, in order to achieve the desired sample size of 54 ± 55 childrenagroup. Of these 164, 162 were included in the study (see Figure 1 .) The two exclusions were for xerophthalmia (n 2) (these children were treated with high doses of vitamin A, according to the WHO recommendations). Among the remaining 162 children, 52 were excluded from the ®nal analyses because of the presence of acute infections other than parasitic infections (n 5), absence from school (n 7) or their parents' decision not to have a second blood sample taken (n 40). Thus, 110 children completed the study and were included in the analyses.
The assignment to the three food groups was done randomly after strati®cation for anemia, since studies have shown that vitamin A status is positively correlated with haemoglobin (Hb) levels (Ahmed et al, 1993 (Ahmed et al, , 1996 Bloem et al, 1989) . All 164 children were given a single supervised 500 mg dose of Mebendazole 2 weeks before initiation of the supplementation trial.
Experimental diet
Each child received one meal per day, 6 days per week for 6 weeks. The only difference in the meals given to the three Increase in serum beta-carotene in Bangladeshi school children V Persson et al groups was in the source and amount of vitamin A, as described in Table 1 . In each school, meals were prepared by three to ®ve village health workers supervised by a nutritionist from Dhaka University. Recipes were developed on a weekly basis after discussion with the health workers and teachers. The recipes listed, for each ingredient, the amount to be purchased and the weight to be cooked, excluding roots and peels. The correct measured amount of vegetables were put on the plates for each group. The sizes of the vegetable and protein dishes were ®xed, whereas the amount of rice consumed depended on how much each child wanted to eat. The protein sources given were approximately the same for all groups, mainly dal (lentils) (3.5 days per week), khichuri (a local dish consisting of pulses, rice and vegetable oil, 2 days per week) and meat (1 day per 2 weeks). The food was served around noon and each group ate in a separate room. The village health workers provided the meals and together with the teachers supervised consumption, keeping records for each child of attendance and leftovers. Approximately half of the time, consumption was directly supervised by the nutritionist, to make sure that all instructions were being followed.
b-carotene and fat content of the food supplements The vegetables were ®rst stir-fried for approximately 5 min and then boiled in their own water for another 10 minutes. The lid was on at all times except during stirring. The b-carotene values for DGLV were estimated from earlier analyses (HPLC) done in Bangladesh (Rahman et al, 1990) , using the values for the cooking method most similar to the one in the present study. They were 5.4, 4.2 and 3.6 mg bcarotenea100 g, for lal shak, palang shak and pui shak, respectively. b-carotene value was not available for kalmi shak in the cooked state, so we took the b-carotene value of 6.7 mga100 g for the uncooked plant, and assumed a 37% cooking loss based on what had been observed in other DGLVs. Thus, we estimated that 4.2 mg b-carotenea 100 mg was delivered by kalmi shak. To provide at least 3.5 mg b-carotene daily, we fed the children approximately 100 g of DGLV daily (Table 1) 
Data collection
We de®ne the start of the study (day 1) as the day when medical treatment for intestinal helminths was given, a 500 mg dose of Mebendazole. On day 7, the ®rst blood sample was collected from each participant. On the same day, children were examined clinically and anthropometric measurements were taken. On day 14, the 6 week supplementary feeding trial was initiated. Near the beginning (days 15 ± 17) and the end (days 53 ± 55) of the intervention period, data were obtained on frequency of home consumption of key foods in the past week. On day 57, the day after consumption of the last supplementary meal, a second blood sample was taken, and again children were examined clinically and anthropometric measurements were taken. From days 58 ± 65, a second stool examination was performed and those children found to be positive for parasites were given a second 500 mg dose of Mebendazole. All 110 children were given a large dose of vitamin A (200 000 IU) and those with haemoglobin concentration`120 gal were given daily iron medication. Vitamin A was also offered to those who were excludedadropped out.
Blood sampling
Between 09:00 and 11:30, 5 ml of non-fasting venous blood was taken from each participant. The blood was drawn into a glass test tube and immediately wrapped in foil to protect against degradation of vitamin A by light. Within 2 h the blood was transported to the ®eld laboratory and centrifuged at 1000 g for 10 min. Serum was separated and kept frozen at À10 C for 3 days and then transported to Dhaka on dry ice where all the samples were kept frozen at À20 C until b-carotene and retinol analyses were done, 3 ± 6 months later. Increase in serum beta-carotene in Bangladeshi school children V Persson et al
Analytical procedures
Serum retinol and b-carotene levels were determined using HPLC. Retinol was extracted using hexane after deproteinization with ethanol containing retinyl acetate (Sigma, St Louis, MO, USA) as the internal standard for retinol and evaporated to dryness under nitrogen gas. The residue was redissolved in 100 ml ethanol. A 20 ml aliquot of the sample was injected into the HPLC system. Retinol was separated on a reverse phase C 18 column with a methanol ± water (96 : 4, vav) solvent system and monitored spectrophotometrically at A 325 (solvent delivery system Waters 510; absorbance detector, Waters 486; data module, Waters 7460). The inter-assay and intra-assay variations for serum retinol were 2.7 and 2.6%, respectively. b-Carotene was extracted using 100 ml sodium dodecyl sulphate (10 mM in water). b-Apo-8
H carotenal (Sigma, St Louis, MO, USA) in ethanol was added as internal standard. The mixture was extracted twice using hexane and evaporated to dryness under nitrogen. The residue from the two extractions was redissolved in 25 ml of the tetrahydrofuran (THF) followed by 75 ml of the mobile phase. A 20 ml aliquot of the sample was injected into the HPLC system. b-Carotene was separated on a reverse phase C 18 column with a solvent system containing 80% acetonitrile, 10% THF, 9% methanol with 200 mM ammonium acetate, 1% water and 0.1% triethyl amine, and monitored spectrophotometrically, at A 450 . The inter-assay and intra-assay variation for serum b-carotene were 5.7% and 4.0%, respectively.
C-reactive protein (CRP) was analysed by a turbometric method using a polymer on a Hitachi 911, at the Department of Clinical Chemistry, Uppsala University Hospital. The measuring interval is 0 ± 175 mgal with a reference interval of`10 mal. The coef®cient of variation (CV) was 10% at 20 mgal. Levels b 10 mgal were take as an indication of acute infection, and these children were excluded from analysis (n 5). The haemoglobin concentration was determined on site using the HemoCue method (HemoCue, Inc, A È ngelholm, Sweden) on venous blood.
Anthropometry
Weight was measured to the nearest 0.2 kg on a digital scale (Soehnle, Germany). The children were measured barefoot and wearing only light clothing. Height was measured to the nearest 0.1 cm using a stadiometer (Somatome Átre, Inter 16, CMS Equipment Ltd, England) mounted on a wall.
Faecal analyses
Stool samples were examined using Stoll's dilution eggcount technique (Suzuki, 1981) . A 2 ml faecal sample was added to 58 ml of 0.1 N NaOH and the¯ask was shaken vigorously. An aliquot of 0.15 ml was then taken onto a clean slide and a cover slip placed on it. The total number of each type of helminth egg was counted microscopically and expressed as number of eggs per gram (epg) of stool by multiplying by a factor of 200.
Dietary intake
A questionnaire was developed to obtain information on the weekly frequency of intake of meat and dietary sources of vitamin A and was administered twice, during the ®rst and last three days of the supplementation period. During these interviews, data were obtained from the school children on foods other than what was given in the feeding trial to determine whether the frequency of intake of these foods differed between the groups and whether it changed during the trial.
Statistical analyses
Data were analysed using the SPSSaPC statistical package (version 8.0). The distribution of each variable was tested . Changes within groups were tested with the paired t-test. Differences between groups were examined by analysis of variance (ANOVA) for normally distributed variables and Kruskal ± Wallis for non-normally distributed variables. Multiple regression analysis was used to compare changes in retinol and bcarotene concentrations between groups using dummy variables for the three supplementation groups and controlling for baseline levels of retinol, b-carotene, Ascaris lumbricoides-load, weight and weight increment.
Results
Treatment group differences in baseline characteristics
The proportion of children with Ascaris lumbricoides 2 weeks before supplementation began was 86% in the sweet pumpkin group and 65% and 68% in the DGLV and control groups, respectively (P 0.10, see Table 2 ). Among those infected with Ascaris lumbricoides, the egg load was 3800 epg in the DGLV group compared to 2200 epg in the sweet pumpkin and 1800 epg control groups (P 0.08). However, since the cure rate was nearly complete (see below), all groups entered the trial basically ascaris-free.
The mean haemoglobin at baseline in the DGLV group was 117 gal compared to 122 and 120 gal in the sweet pumpkin and control groups, respectively (P 0.06). The proportion with anaemia was 57% in the DGLV group compared to 47% and 46% in the other two groups, respectively (P 0.6).
Food consumption
The children were given one meal per day for 35 days (6 days per week for 6 weeks minus one holiday). Records of attendance and of leftovers showed that 86% of the potentially available supplementary food had been consumed by the DGLV group, 90% by the sweet pumpkin and 86% by the control group. Means with different superscript letters are signi®cantly different from each other, P 0.002 (ANOVA, post hoc test). e MeanAE s.d.
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The frequency of home consumption of animal and plant sources of vitamin A and meat at the beginning and in the end of the intervention is shown in Table 3 . There were no signi®cant differences between the treatment groups in any of the foods listed, either at baseline or endpoint. There were no differences between the groups in the overall intake of plant or animal sources between baseline and endpoint.
Changes in serum b-carotene Serum concentrations of b-carotene and retinol at baseline are shown in Table 4 . The mean changes in serum bcarotene concentrations in the DGLV, sweet pumpkin and control groups were 0.44 (95% CI 0.32, 0.55); 0.32 (0.22, 0.42); and 0.20 (0.14, 0.26) mmolal, respectively, all statistically signi®cant. The increase in the DGLV group was signi®cantly greater than in the control group (P 0.002, ANOVA, Bonferroni post hoc test). Multiple regression analyses on the change in b-carotene, with baseline serum retinol, serum b-carotene, Ascaris lumbricoides load, weight and weight change controlled for, did not alter this ®nding.
Changes in serum retinol
The mean baseline serum retinol concentration in the DGLV group was 0.85 mmolal compared to 0.94 mmolal in the other two groups (P 0.14) ( Table 4 ). The increase in serum retinol (mmolal) concentration from baseline to endpoint was statistically signi®cant (P 0.04) in the DGLV group (mean 0.066; 95% CI 0.002, 0.13). The mean changes in the sweet pumpkin (0.030; 95% CI À0.035, 0.094) and control group (À0.017; 95% CI À0.07, 0.035) were not statistically signi®cant. The mean change in serum retinol concentration in the DGLV group compared to the changes in the other two groups was not statistically different (P 0.17, ANOVA). Multiple regression analyses on change in serum retinol concentration, with baseline serum retinol, serum b-carotene, Ascaris lumbricoides load, weight and weight change controlled for, did not alter this ®nding.
Changes in helminth infection and in anthropometric indicators
The cure rates for Mebendazole among children infected with Ascaris lumbricoides and hookworm at baseline were 99% and 55%, respectively. Twelve (14%) who were not detected with hookworm at baseline had positive stools at endpoint (8 ± 9 weeks later). The proportions infected with hookworm in each group at endpoint were 29%, 19% and 14% of the children in the DGLV, sweet pumpkin and control groups, respectively. The median hookworm load was the same among those infected in all three groups (400 epg at endpoint compared to 600 ± 700 epg at baseline). The mean height increment was 0.6 cm in all three groups and statistically signi®cant (P`0.001), and the mean weight increase varied from 0.1 to 0.3 kg but endpoint values were not statistically different from baseline. Inter-group differences in height and weight increase were not statistically signi®cant (P 0.7).
Discussion
The aim of this study was to examine the effect of supplementary feeding on serum retinol and b-carotene concentrations in three groups of school children previously treated with Mebendazole, two of whom received b-carotene Ð either DGLV or sweet pumpkin. Our main ®nding was that b-carotene concentrations increased signi®cantly in all groups, with a statistically higher increase in the group receiving DGLV compared to the control group. The increase in serum retinol concentration was signi®cant only in the DGLV group (P 0.04), but this was not different from the increases in the other groups.
Sweet pumpkin was included in order to have a group which received b-carotene from the more bioavailable (de Pee et al, 1998) yellow orange fruits and vegetables (YOFV) group. Through the addition of carrots, we aimed to give the sweet pumpkin group approximately the same amount of b-carotene as the DGLV group. However, the dose of b-carotene actually supplied to the sweet pumpkin group was in the end too low to make it an effective experimental group for two reasons: (1) the analysis of local sweet pumpkin, which became available One portion is 100 ± 150 g. c Total intake of fat during the intervention was 39 g (including both home consumption of fat and fat provided in the treatment group). d Net change for those also being de-wormedanot being de-wormed. e Twenty percent of the subjects had intestinal helminths and 3.5% of positive cases had Ascaris lumbricoides. f Ascaris lumbricoides-free.
Increase in serum beta-carotene in Bangladeshi school children V Persson et al to us only later, showed that it did not contain as much bcarotene as we initially thought; and (2) contrary to what local vegetable salesmen had told us as we prepared for the study, the carrot season ended soon after the supplementation trial began. However, the increases in serum concentrations of retinol and b-carotene were not greater in the DGLV group than in the sweet pumpkin group, although the dose of b-carotene given to the children in the sweet pumpkin group was only 34% of that given to the DGLV group. Thus, our data do not contradict de Pee et al's on the likely higher bioavailability of YOFV.
In this study, we chose a difference of change of serum retinol of 0.15 mmolal between the DGLV and control group as biologically meaningful. This was similar to the level chosen by de Pee et al (1995b) (0.12 mmolal). For this level of change, our ®nal sample size was slightly too small.
To our knowledge, only two feeding studies have explored the possible relationship between helminths and the impact of supplementary feeding with plant sources of vitamin A. Jalal et al (1998) in their 3 week intervention study included children aged 3 ± 6 y positive for Ascaris lumbricoides with a baseline serum retinol concentration of 0.57 ± 0.66 mmolal. They found that b-carotene-rich foods (750 REaday mainly in the form of red sweet potatoes for a total cumulative dose of 15 750 RE) together with deworming increased serum retinol more than b-carotene rich foods alone in children heavily infected with Ascaris lumbricoides ( b 3200 epg) (net increase 0.37 compared to 0.20 mmolal). Takyi (1999) conducted a 3 month intervention among children aged 2.5 ± 6 y with a baseline serum retinol concentration of 0.56 ± 0.58 mmolal, 20% of whom had some type of helminth infection (mainly hookworm). The net increase in mean serum retinol was 0.20 mmolal in the group receiving DGLV (400 REaday for a total cumulative dose of 33 600 RE) plus de-worming, compared to 0.13 mmolal for those only receiving DGLV.
Studies which have measured the impact of DGLV supplementation on vitamin A status, with or without deworming, are listed in Table 5 . The criteria for inclusion in Table 5 (apart from feeding the subjects DGLV) were: (1) a negative control group without b-carotene supplementation was included; (2) both baseline and endpoint data were available; and (3) the sample size was greater than 20. All but Takyi also provide data on serum b-carotene. The fat content per weight of the DGLV-stew was approximately the same in the studies, 8 ± 10 ga100 g. However, the cumulative dose of b-carotene from DGLV varied, with the highest dose (49 000 RE) in de Pee et al's (1995b) study on lactating women, and the lowest dose (25 700 RE) in ours.
The greatest impact on serum retinol concentrations was found in Takyi's study (1999) , despite the fact that he only gave 69% of the b-carotene provided in de Pee et al's study. Our net increase in serum retinol concentration (0.08 mmolal) was similar to de Pee et al's (1998) in primary-school children, although our cumulative dose of b-carotene was 30% lower. Our study had a far greater net increase in b-carotene than either of de Pee et al's.
The most important difference explaining the discrepancies in outcome between the studies may be the type of helminths and their intensity. The explanation may be reduced absorption of b-carotene in helminth infected subjects, since a negative trend can be seen between Ascaris load and net increase in serum b-carotene, with the largest net increase taking place in our study of Ascarisfree children (0.23 mmolal). Secondly, the amount of provitamin A carotenoids provided may differ much more than Table 5 suggests, due to differences in analytical methods used.
Another plausible explanation for these discrepancies in the net changes in mean serum retinol concentration among the three studies with subjects who were not de-wormed prior to the feeding trial (de Pee et al, 1995b (de Pee et al, , 1998 Takyi, 1999) could be differences in baseline serum retinol levels. A low vitamin A status appears to increase b-carotene cleavage (van Vliet et al, 1996; Villard & Bates, 1986) . The largest increase (0.13 mmolal) was seen among Takyi's subjects, who also had the lowest baseline retinol. In our study, in all three subgroups with de®cientamarginal serum retinol (`0.70 mmolal), the serum concentration rose (0.12 mmolal in the DGLV group (n 10), 0.084 mmolal in the sweet pumpkin group (n 7) and 0.063 mmolal in the control group (n 6). With this small sample size, the improvement in the DGLV and control group did not differ from one another, which may indicate regression to the mean (data not shown). However, serum retinol may not be the best indicator for measuring short-term changes in vitamin A status; a recent study by Ribaya-Mercado et al (2000) , using 3 days deuterated-retinol dilution, suggests that improvement of vitamin A status after dietary intervention is in¯uenced very little by serum retinol concentrations, but instead is strongly in¯uenced by total body stores of vitamin A.
Finally, the method of preparation of the DGLV can make a difference in bioavailability and differs among the studies. In Takyi's study the vegetables were pounded and homogenized in a blender before preparing the stews and thus the cells in the DGLV were well disrupted to liberate the b-carotene. This could possibly make the b-carotene more bioavailable than in our study and the studies by de Pee et al, where the vegetables were simply stir-fried the way they commonly are when prepared at home.
The amount of b-carotene provided in the control group diet (0.013 mgaday) would seem to be too small to account for their increased mean serum b-carotene concentration. Their being treated for Ascaris lumbricoides plus their increased home consumption of plant sources (particularly DGLV) may explain this increase.
To further elucidate the role of helminths in the bioavailability of b-carotene from plant sources, a feeding trial with both DGLV and YOFV would need to be done that randomizes subjects for de-worming. In addition, a positive control group, receiving the same amounts of b-carotene either as puri®ed b-carotene or retinol would be useful, for Increase in serum beta-carotene in Bangladeshi school children V Persson et al example in case baseline serum retinol concentrations are too high to be improved by additional vitamin A.
In conclusion, we found a substantial increase in mean serum b-carotene in children treated with Mebendazole and fed supplementary carotene-containing foods. The impact on serum retinol concentrations was less substantial. This may have been due to the relatively high baseline serum retinol values and the relatively low cumulative dose of b-carotene provided.
